The aim of our study was to investigate the protective effects of intraperitoneally-administrated vitamin E, dlalpha lipoic acid, and linalool on the level of total lipid and fatty acid in guinea pig brains with oxidative stress that was +vitamin E groups. While the proportion of the total w3 (omega 3), w6 (omega 6), and PUFA were found to be lowest in the H 2 O 2 group, they were slightly increased (p<0.05) in the lipoic acid group when compared to the control and H 2 O 2 + lipoic acid groups. However, the level of ΣSFA in the H 2 O 2 group was highest; the level of ΣUSFA in same group was lowest. As the proportion of ΣUSFA and ΣPUFA were found to be highest in the linalool group, they were decreased in the H 2 O 2 group when compared to the control group. Our results show that linalool has antioxidant properties, much the same as vitamin E and lipoic acid, to prevent lipid peroxidation. Additionally, vitamin E, lipoic acid, and linalool could lead to therapeutic approaches for limiting damage from oxidation reaction in unsaturated fatty acids, as well as for complementing existing therapy for the treatment of complications of oxidative damage.
Introduction
Reactive oxygen species (ROS) are known to play multiple roles in the physiological and pathological states, and are constantly produced in living organisms (Yar and Gilchrest, 1990; Darr and Fridovich, 1994) . Endogenous sources of ROS in aerobic mammalian cells are the mitochondrial electron carriers and enzymes. Representative external sources include redox cycling drugs, radiation, and various lifestyle and environmental influences, such as smoking, drinking alcohol, excessive exercise, pollution, and overexposure to the sun (Machlin and Bendich, 1987; Dizdaroglu, 1993) . The highlyreactive superoxide radical and hydrogen peroxide may be toxic to cells by a direct attack at the molecular level, or indirectly by generating secondary reactive species such as the hydroxyl radical (Brenneisen et al., 1997) . These radicals may lead to oxidative damage of virtually any biomolecule (Kowoltowski and Vercesi, 1999) . Lipids, especially polyunsaturated fatty acid, are preferential targets for such oxidative damage (Douillet et al., 1993) . If the reactions of unsaturated fatty acid with ROS occur in living cells, then the resulting defects in membrane functions may cause cell death (Gurr and Harwood, 1991) . Despite the destructive potential of ROS, cells have developed defense mechanisms to prevent or limit oxidative injury. These mechanisms include several enzyme systems and antioxidants such as vitamin E and carotenoid, which prevent lipid peroxidation (Diplock, 1994; Sobajic et al., 1998) . Vitamin E is the name given to a number of structurally-related compounds, the most important of which is alpha-tocopherol. Vitamin E is needed for the mitochondria electron transport function and prevents oxidation of various compounds, including unsaturated fatty acids (McCay, 1985) . Vitamin E is important in biological systems. It is present in lipid bilayers of biological membranes and may play a structural role there. Vitamin E can act directly with a variety of oxygen radicals, including the peroxy radical (ROO . ) and hydroxyl radical (·OH) (Burton et al., 1985) , as well as with the superoxide radical (O 2 · − ) (Fukuzowa and Gebicki, 1983; Ozawa et al, 1983) . Tocopherol can also react directly with singlet oxygen (Fahrenholtz et al., 1974; Littarru et al., 1984) .
Lipoic acid is a naturally-occurring free radical scavenger that has been shown to regenerate endogenous antioxidants, like vitamin E, and increase formation of glutathione (Bienwenga et al., 1997) . It is a small molecule that is soluble in both water and lipid. This is significant because watersoluble antioxidant nutrients (vitamin C for example) are found in the cell, and fat soluble antioxidants (vitamin E for example) are found on the cell membrane. Because lipoic acid works both inside the cell and at the membrane level, it provides dual protection. Lipoic acid has long been known for its role in oxidative metabolism, the same as lipoamide, an essential cofactor in mitochondrial α-ketoacid dehydrogenase complexes (Packer et al., 1997) . Recent reports indicate that lipoate exerts its therapeutic efficacy in pathological conditions that involve free radicals (Cameron et al., 1998; Kozlov et al., 1999) .
Linalool is a monoterpene compound that is reported to be a major component of essential oils in various aromatic species. Several linalool-producing species are used in traditional medicine. Among these is Ueolanthus suaveolens G. Dom (Labiatae), which is used as an anticonvulsant in the Brazilian Amazon. Psychopharmacological in vivo evaluations of linalool showed that these compounds have dose-dependent marked sedative effects on the central nervous system, including hypnotic, anticonvulsant and hypothermic properties (Re et al., 2000) . However, we have no literature that reports about the protective effect of linalool against a decrease of unsaturated fatty acids.
Brain tissue has two unique characteristics. First, it is 60% lipid; second, it has a remarkably high energy consumption (Crowford, 1993) . Also, this tissue is more susceptible to oxidative damage than other tissues (Foloyd et al., 2001) .
The object of our study was to investigate the protective effects of intraperitoneally (i.p.) administrated vitamin E, lipoic acid, and linalool on the level of total lipid and fatty acid in the guinea pig brain with oxidative stress that was induced by hydrogen peroxide.
Materials and Methods
Animals Ninety-seven guinea pigs were used during the experiment. At the start of the experiment, the guinea pigs weighed 460-640 g and were eleven months of age. All of the animals were divided into eight groups and kept at a room temperature of 20 o C.
During the experiment, these animals were fed ad libitum a diet that included the ingredients that are shown in Table 1 .
The first group was the control (9 animals), and it was subjected to i.p. injections of 25 µl corn oil. Group two was subjected to i.p. administered hydrogen peroxide (16 animals, 12 mg/kg) in water and 25 µl corn oil. Group three was subjected to i.p. administered with vitamin E (12 animals, dl-µ-tocopherol, 24 mg/kg) in corn oil. Group four was subjected to i.p. administered with hydrogen peroxide plus vitamin E (12 animals, 12 mg/kg H 2 O 2 +24 mg/kg vitamin E). Group five was subjected to i.p. administered with dl-α-lipoic acid (12 animals, 3 mg/kg) in corn oil. Group six was subjected to i.p. administered with H 2 O 2 plus lipoic acid (12 animals, 12 mg/kg H 2 O 2 +3 mg/kg lipoic acid). Group seven was subjected to i.p. administered with linalool (12 animals, 120 mg/kg) in corn oil. Group eight was subjected to i.p. administered with H 2 O 2 plus linalool (12 animals, 12 mg/kg H 2 O 2 +120 mg/kg linalool). We first injected H 2 O 2, (in water, 25 µl) and 25 µl corn oil, followed by a second antioxidant (in corn oil, 25 µl) in the combination groups. This i.p. administration was done for 4 weeks every other day. The last dose was administrated 10 h before the operation.
The samples were prepared from animals at the end of the administration period after over-night fasting as follows. Each experimental guinea pig was anesthetized with ether and brain tissue samples were collected. These samples were kept at −25 o C until lipid extraction and further analysis was performed.
Lipid extraction Total lipids were extracted with chloroformmethanol (2 : 1, v/v) by the method of Folch et al. (1957) , as previously described (Christie, 1990) . The tissue samples were homogenized. Three grams of the homogenized brain tissue samples were taken and mixed with chloroform-methanol (2 : 1, v/ v) in a mixer. Non-lipid contaminants in lipid extracts were extracted into a 0.88% KCl solution. The extracts were evaporated in a rotary evaporator flask, then stored at −25 o C.
Determination of total lipid
This was determined according to the method of Frings et al. (1972) . Twenty microliters of each solution from the extracted lipids was treated with 200 ml of the concentrated H 2 SO 4 and heated in boiling water for 10 min. After Fatty acid analysis Fatty acids in the lipid extracts were converted into methyl esters by means of 2% sulfuric acid (v/v) in methanol (Christie, 1990) . The fatty acid methyl esters were extracted three times with n-hexane. Then the methyl esters were separated and quantified by gas chromatography that was equipped with a flame-ionization detector (Unicam 610 gas chromatograph) that was attached to a Unicam 4815 computing recorder. Chromatography was performed with a capillary column (25 m in length and 0.22 mm in diameter, B 10 × 70) using hydrogen as a carrier gas (flow rate 0.5 ml/min). The temperature of the column, detector, and injection port were 185, 280, and 240 o C, respectively. Identification of the individual methyl esters was performed by frequent comparison with authentic standard mixtures that were analyzed under the same conditions.
Statistical analysis
The collected values from the groups were reported as means ± SE. A statistical analysis was performed using SPSS 6.0 Software. The variance analysis (ANOVA) and LSD test was used for comparison between the groups.
Results and Discussion
Mortality and total lipid content At the end of the 4 th week, after an overnight feeding, the mean body mass of each experimental group did not differ. Mortality in the control, vitamin E, and lipoic acid groups after 6 weeks were null. However, it reached 25% in the H 2 O 2 and H 2 O 2 + linalool groups, but approximately 17% in the linalool, H 2 O 2 + vitamin E, and H 2 O 2 + lipoic acid groups.
The total lipid amounts are reported in Table 2 . While the amount of total lipid in the H 2 O 2 + vitamin E and H 2 O 2 + linalool groups slightly increased (p<0.05) when compared to the H 2 O 2 group, it decreased (p<0.01) when compared to the vitamin E, linalool, and control groups. The level of total lipid in the lipoic acid group slightly increased (p<0.05) when compared to the H 2 O 2 + lipoic acid group. It is concluded from these results that the total lipid amount decreased through the inhibition of lipid synthesis by the effect of H 2 O 2 and/or its oxidation. Vitamin E, lipoic acid, and linalool also seem to modulate this degenerative effect. Table 3 reports vitamin E effects on the level of fatty acid with oxidative stress-induced H 2 O 2 . The proportion of the myristic (14 : 0) and palmitic (16 : 0) acids within the total fatty acid were higher (p<0.05) in the control and H 2 O 2 groups than in the vitamin E and H 2 O 2 + vitamin E groups. The level of the stearic (18 : 0) and oleic (18 : 1) acids in the H 2 O 2 and H 2 O 2 + vitamin E groups increased (p<0.05) when compared to the control and vitamin E groups. The proportion of linoleic acid (18 : 2) in the control and vitamin E groups significantly increased (p<0.005) when compared to the H 2 O 2 and H 2 O 2 + vitamin E groups. While the level of arachidonic acid (20 : 4) did not differ between the control and H 2 O 2 groups, it did increase slightly (p<0.05) in the vitamin E and H 2 O 2 + vitamin E groups when compared to the same groups. We previously showed that the levels of saturated fatty acid were slightly decreased, but the level of unsaturated fatty acid were slightly increased in rat and lamb tissues by dietary and intraperitoneally-administered vitamin E, without any other treatment (Dilsiz et al., 1997; Yilmaz et al., 1997a Yilmaz et al., , 1997b Çelik et al., 1999) . This vitamin E effect on fatty acids is clearer with hydrogen peroxide-induced oxidative stress. α-Tocopherol is an antioxidant that prevents biological membranes from undergoing oxidative damage. This effect is due to its ability to quench lipid peroxides, thereby protecting the cellular structures from an attack from free radicals (Traber and Sies, 1996) . Both isolated PUFA and those incorporated into lipid are readily attacked by free radicals, which become oxidized into lipid peroxides. By contrast, both the monounsaturated and saturated fatty acids are more resistant to free radical attack; indeed, it has been suggested that the increased consumption of these in place of PUFA will render the circulating lipoproteins less sensitive to peroxidation (Reaven et al., 1991) . Hydrogen peroxide may be toxic to cells by direct attack at the molecular level, or indirectly by generating a secondary reactive species, such as hydroxyl radicals (Brenneisen et al., 1997) . Lipids, especially unsaturated fatty acids, are preferential targets for such oxidative damage (Douillet et al., 1993) . A significant reduction in PUFA in the hydrogen peroxide group that was observed in the present investigation supports the previous work. Chow et al. (1999) reported that vitamin E can directly regulate hydrogen peroxide production in mitochondria, and suggested that the overproduction of mitochondrial ROS is the first event that leads to tissue damage that is observed in Vitamin E-deficiency syndromes. H 2 O 2 may accumulate, which would lead to a condition of mitochondial oxidative stress (Kowaltowski and Vercesi, 1999) . Vitamin E can directly regulate H 2 O 2 production (Chow et al., 1999) . In our study, vitamin E supplementation restored fatty acid distribution near the control group.
Effect of vitamin E on fatty acid distribution

Effect of lipoic acid on fatty acid distribution
The proportion of ΣPUFA in the lipoic acid group significantly increased (p<0.005) when compared to the H 2 O 2 group; it slightly increased (p<0.05) when compared to the control and H 2 O 2 + the lipoic acid groups (Table 3) . However, the level of ΣSFA in the H 2 O 2 group was the highest; the level of ΣUSFA in same group was the least. While the ratio of 22 : 6 in the lipoic acid group significantly increased (p<0. (Magen et al., 1999) . Lipid peroxidation is a free radical-induced process that leads to oxidative deterioration of polyunsaturated lipids. Under normal physiological condition, low concentrations of lipid peroxides are found in tissues. Free radicals react with lipids and cause peroxidative changes that result in enhanced lipid peroxidation (Pryor, 1973; Girotti, 1985) . Thiols may play a pivotal role in protecting cells against lipid peroxidation (Haenen et al., 1989) . Lipoic acid effectively reduced the amount of hydroxyl radical that was generated by the Fentontype reaction, and it also scavenges the peroxide and superoxide radical (Sumathi et al., 1993) . Our present observations show that lipoic acid administration eventually resulted in decreases in 14 : 0, 16 : 0 and ΣSFA, and increased in 18 : 2, 18 : 3, 20 : 4, 22 : 6, ΣUSFA, ΣPUFA levels; therefore, substantiating the antioxidant property of lipoic acid. (Re et al., 2000) . However, we have seen no literature reports on the protective effect of linalool against a decrease in unsaturated fatty acids.
Effect of linalool on fatty acid distribution
Conclusions
Brain tissue has 60% lipid, and it has a remarkable highenergy consumption (Crowford, 1993) . In addition, these tissues are more susceptible to oxidative damage than other tissues (Foloyd et al., 2001) . Although, the vitamin E that was used was approximately 8 times higher than the lipoic acid dose, the present study illustrates that lipoic acid administration can be more effective than vitamin E in preventing lipid peroxidation in brain tissue. This may be attributed to the bioactivity of lipoic acid to directly react with various reactive oxygen species, as well as its ability to interfere with oxidation processes in the lipid and aqueous cellular compartment (Packer et al., 1997) . Lipoic acid is a smaller molecule than vitamin E, and it is soluble in both water and fat. This is significant because water-soluble antioxidant nutrients (vitamin C for example) are found on the cell, and fat-soluble antioxidants (vitamin E for example) are found on the cell membrane. Because lipoic acid works both inside the cell and at the membrane level, you get dual protection. Our results indicate that linalool has considerable protective effects against the hydrogen peroxide-induced oxidative stress in brain tissue, but we used it in high concentrations. A dose-dependent study of the protective effect of linalool must be undertaken to determine its real efficiency. Linalool is a monoterpene compound that is reported to be a major component of essential oil in various aromatic species. If it is an effective antioxidant, then it can be used as a protector against oxidative damage in food and nourishment.
In conclusion, these observations suggest that lipoic acid seems to be a more effective antioxidant than vitamin E. These antioxidants could lead to therapeutic approaches for limiting damage from oxidation reactions in unsaturated fatty acids and for complementing existing therapy for treatment of the complications of oxidative damage. Our results show that linalool can be an antioxidant property, the same as vitamin E and lipoic acid.
